Introduction
Although recent data suggest that the alarming increase in prevalence rates of obesity among children and adolescents in the United States observed over the past 3 decades may have plateaued, 1 this trend has not reversed in all age groups, and a significant number of youth remain at risk of immediate and long-term complications secondary to excess weight gain. In fact, current estimates using 2011-2012 National Health and Nutrition Examination Survey (NHANES) data suggest that 31.8% and 17.2% of US children 2 to 19 years of age are overweight (body mass index [BMI] ≥85th percentile for age and sex) and obese (BMI ≥95th percentile), respectively. 1 Among the approximately 1 out of 6 US children currently affected by obesity, an increasing number would be considered to have severe obesity and at highest risk of weight-related comorbidities. However, overcoming the inertia of the numerous factors within the current obesogenic environment 2 that influence individual health behaviors and energy homeostasis, and subsequently promote weight gain, is frequently challenging. As outlined below, the optimal approach to severe obesity in children and adolescents involves family-based lifestyle interventions implemented under the guidance of a multidisciplinary treatment team and, in refractory cases among older adolescents, a critical eye toward surgery as a potential adjuvant therapy to ongoing behavioral weight loss.
Prevalence of Severe Obesity and Associated Risks in Childhood and Adolescence
A BMI ≥99th percentile for age and sex corresponds to the most common definition of severe obesity in the pediatric population 3 and was proposed by an Expert Committee in 2007 to identify children at highest cardiometabolic risk and trigger more-intensive therapeutic interventions. 4 However, given concerns regarding the statistical performance of BMI percentile (or even BMI Z-scores) at values >99th percentile, a recent American Heart Association Scientific Statement proposes that severe obesity in children ≥2 years of age be defined as a BMI ≥120% of the age-and sex-appropriate 95th percentile or an absolute BMI ≥35 kg/m 2 (the cutoff of severe [class 2] obesity in adults), whichever is lower. The term severe obesity is currently recommended as the standard nomenclature to describe very high BMI values as opposed to extreme or morbid. 3 Severe accurately reflects the potentially grave impact of the condition on the individual's health in both the short and long term while minimizing stigma that may be associated with other terms.
Severe obesity in childhood is unfortunately not uncommon, with estimated prevalence rates ranging from 1.6% to 11.9% among US children, depending on the specific study population and definition applied. [5] [6] [7] [8] [9] Thus, pediatric health care providers, regardless of practice setting or specialty will frequently care for youth with severe obesity. Moreover, no age group remains unaffected. Approximately 2% of preschoolers currently meet criteria for severe obesity, 6, 10 and prevalence rates rise to more than 6% among adolescents 12 to 19 years of age. 6 Although sex-specific differences in rates of severe pediatric obesity are not clearly apparent, racial/ ethnic disparities do exist, with higher prevalence among Hispanic and non-Hispanic black children. 6 Prevalence rates of severe obesity rise further in adulthood, currently affecting approximately 14.5% of US adults. 1 It bears noting that children with less-severe obesity (BMI = 95th-98th percentile) have a 37% to 51% chance of developing severe obesity in adulthood, 11 underscoring the importance of optimizing obesity treatment efforts to prevent continued progression among all children with obesity even if their BMI values are below the 99th percentile.
Although childhood obesity is associated with significant long-term sequelae, including increased risk of type 2 diabetes (T2DM), cardiovascular disease, and premature death in adulthood, 4, 12 numerous immediate cardiometabolic health risks are already apparent among youth with obesity and these risks appear to be increased in the setting of severe obesity. 3 In fact, compared with children with milder forms of obesity, those with severe obesity demonstrate higher rates and increased severity of multiple metabolic disturbances and weight-related comorbidities, including hypertension, dyslipidemia, insulin resistance/glucose intolerance/T2DM, nonalcoholic fatty liver disease (NAFLD), obstructive sleep apnea syndrome (OSAS), inflammation, and vascular dysfunction. 3 Rates of musculoskeletal disorders, including tibia vara (Blount disease) 13 and slipped capital femoral epiphysis, 14 are also increased in severe pediatric obesity. Disordered eating patterns (binge eating and loss-of-control behaviors) appear to be common (8%-18%) in children with obesity. [15] [16] [17] However, it is unclear if such behaviors are specifically related to the degree of adiposity, and corresponding prevalence rates in normal-weight children are not well established. 3 Although it is also unclear if the prevalence of clinically significant depression is increased in youth with severe obesity, 18, 19 quality of life may be severely reduced in affected children and adolescents, similar in extent to those diagnosed with cancer, and is inversely related to BMI. 20 Given the high burden of these comorbidities, the clinical care of children and adolescents with severe obesity requires ongoing surveillance for the development and treatment of weight-related medical and mental health disorders.
Etiology
The imbalance in energy homeostasis leading to excess weight gain results from complex interactions among individual behaviors, environmental factors, and genetic susceptibility. 21 In fact, twin studies suggest a heritability of 40% to 80% for adiposity and BMI, [22] [23] [24] underscoring the central role of genetic contributions to the weight gain trajectory of an individual child in the setting of an obesogenic environment. Although syndromes associated with severe obesity and hyperphagia resulting from single gene mutations (eg, congenital leptin deficiency) or defects in specific chromosomal regions (eg, Prader-Willi syndrome) are well described, 25, 26 such conditions are rare. 27 Moreover, such syndromic etiologies are generally associated with neurodevelopmental abnormalities or specific phenotypical features. However, one monogenic cause of early-onset obesity, mutations in the gene encoding for the melanocortin 4 receptor (MC4R), may be present in 2% to 6% of patients with severe obesity and is not characterized by the short stature and neurocognitive disabilities that are the hallmark of many other obesity-related syndromes. [27] [28] [29] The MC4R gene is located on chromosome 18 and encodes for a hypothalamic 7-transmembrane G-coupled receptor that integrates central nervous system input to signal satiety. 30 Deficiency of MC4R is transmitted in a codominant manner, with homozygotes more severely affected than heterozygotes, and results in hyperphagia. 28 Although genome-wide association studies have identified polymorphisms in more than 50 other genetic loci that contribute to the heritability of body weight and less-severe obesity phenotypes, the inheritance of any one of these common polymorphisms alone accounts for only small variations in body weight. 21, 31 However, when genetic mutations and epigenetic changes (environmentally induced and potentially heritable alterations that affect gene expression and function without modifying the DNA sequence itself) are present in multiple at-risk loci simultaneously in a given individual, they likely collectively contribute to alterations in the energy intake and expenditure, which contributes to significant weight gain. 21 The functional significance of many of the genetic loci associated with body weight underscore the importance of the intricate central nervous system pathways involved in the regulation of appetite and energy expenditure; damage to these hypothalamic areas as a result of tumors, surgery, radiation, or trauma can result in the development of severe and intractable obesity. 32 Children and adolescents with such "hypothalamic obesity" manifest severe hyperphagia in addition to metabolic disturbances that contribute to ongoing weight gain, even in the setting of aggressive caloric restriction. 32 Endocrine disorders such as hypercortisolemia (Cushing's syndrome), hypothyroidism, or growth hormone deficiency can also adversely affect energy homeostasis and contribute to the development of obesity. However, such "classic" endocrine etiologies of obesity are characterized by poor linear growth, in contrast to the slightly increased stature and accelerated growth velocity generally observed in most children with obesity. 26 It is important to emphasize that, with the exception of MC4R defects, clinically identifiable syndromic or endocrinological causes of obesity are rare in children, even among those seeking treatment at specialized centers, and account for less than 1% of cases of pediatric obesity. 27 However, it is essential for the medical team to appreciate the complexities of the neuroendocrine regulation of appetite and energy homeostasis and how alterations in these pathways may influence behavior. In some cases, highlighting our growing but still limited understanding in this field helps explain to the patient and/or his/her family the observed differences in the susceptibility of many children to weight gain when exposed to an obesogenic environment as well as challenges in initiating and sustaining the lifestyle modifications that remain the mainstay of treatment.
Initial Assessment
The initial assessment of a child with severe obesity includes a focus on establishing rapport with the family and child, evaluating for underlying etiologies contributing to excess weight gain, carefully screening for the presence of weight-related comorbidities, and partnering with the family and child to develop and initiate an appropriate treatment plan. For many patients and their families, discussions regarding weight, dietary patterns, and other behaviors are sensitive topics, and providers may find it beneficial to acknowledge this as part of initial interactions. In addition, the thoughtful selection of terms used to describe weight during patient interactions; use of open-ended questions assessing the parents' and child's level of concern about weight, followed by neutral questions regarding timing of weight gain (eg, early onset or association with initiation of certain medications, including second-generation antipsychotics), current health behaviors (including sleep duration and quality), dietary patterns (including loss of control eating), and previous attempts at weight loss; reflective listening; and engaging the child or adolescent, as developmentally appropriate, may assist the provider in establishing rapport. Providers should also consider how the structure of their own practice environments (eg, triage practices or appropriately sized furniture and equipment) may contribute to rapport building with families and patients with severe obesity.
As outlined previously, identifiable endocrinological and syndromic etiologies are rare causes of severe weight gain in childhood. 27 To assist in identifying such conditions, providers should obtain a thorough developmental history, review growth charts to assess linear growth, and conduct a careful physical assessment to identify dysmorphic features or clinical signs of specific endocrinopathies. However, current guidelines for the treatment of pediatric obesity recommend against universal screening for genetic and endocrine etiologies for children and adolescents with obesity, unless specific findings suggestive of such underlying conditions are identified. 4, 33 For patients with significant neurodevelopmental abnormalities, particularly in the setting of dysmorphic physical features or short stature, referral to a geneticist for additional evaluation and testing may be appropriate. 33 Given the common feature of impaired height velocity in children with endocrine causes of obesity, the routine laboratory evaluation for underlying endocrine disorders (including hypothyroidism) is not recommended unless a reduced growth velocity, assessed in light of pubertal status and genetic potential, is present. 33 However, the absence of easily identifiable clinical characteristics (besides obesity) in children and adolescents with MC4R deficiency represents a diagnostic challenge for health care providers. Genetic testing for MC4R mutations is commercially available but not inexpensive. As a result, Clinical Practice Guidelines from the Endocrine Society propose discussing the availability of MC4R genetic testing with parents in the clinical setting of severe weight gain from early infancy in children who are above the 97th percentile for weight by 3 years of age. 33 The level of parental and patient concern regarding weight gain may vary significantly case to case, with some not identifying the severe obesity as a concern and still others convinced that there is an underlying disorder contributing to weight gain despite clinical evidence to the contrary. In the later scenarios, it may be beneficial for the provider to inquire what specific conditions the parents or patients are concerned about in order to address these concerns directly.
Although underlying disorders leading to excess weight gain are unlikely to be identified, a careful and comprehensive assessment for the presence of weightrelated comorbidities will frequently uncover such conditions in youth with severe obesity. Consequently, a complete review of systems should be conducted and include an assessment for severe or recurrent headaches (suggestive of pseudotumor cerebri or OSAS); snoring, apnea, or daytime somnolence (OSAS); exercise intolerance; blurry vision, polyuria, or and polydipsia (T2DM); abdominal pain (NAFLD, gastroesophageal reflux, or gallbladder disease); joint pain (slipped capital femoral epiphysis, tibia vara, or premature osteoarthritis); menstrual irregularities (especially if persistent 2 years beyond menarche), hirsutism, and acne (polycystic ovary syndrome [PCOS]); and depression or anxiety. 4 The physical examination should specifically include the careful measurement and interpretation of blood pressure (BP), including the use of an appropriately sized cuff. BP values should be compared with normative values for age, sex, and height, 34 and abnormal values should be confirmed via auscultation and then reassessed as part of close follow-up. Systolic and/or diastolic BP values ≥95th percentile on at least 3 occasions are consistent with hypertension and warrant further evaluation and treatment. 34 BP values ≥90th percentile but <95th percentile (as well as any value ≥120/80 mm Hg) are consistent with prehypertension and should continue to be monitored closely. 34 Of note, BP abnormalities may also be a subtle indicator of the presence of sleep-disordered breathing (SDB), including OSAS, 35 and should prompt further testing for SDB if present in the setting of severe obesity. For pediatric patients with severe obesity, physical examination should additionally include assessments for papilledema via fundoscopic exam (pseudotumor cerebri), acanthosis (insulin resistance), hepatomegaly (NAFLD), gait disturbances or joint problems (tibia vara or slipped capital femoral epiphysis), pubertal development, and excessive acne or hirsutism (PCOS). 4 Unfortunately, the early stages of many common weight-related comorbidities such as dyslipidemia, NAFLD, and T2DM may not be identified on history and physical exam alone, and routine laboratory screening for such disorders is recommended. Although published guidelines vary slightly regarding the frequency and specific tests that are recommended, laboratory screening that includes a fasting lipid panel and fasting glucose or hemoglobin A 1C should be conducted at least every 2 to 3 years in all children and adolescents with severe obesity, starting at 10 years of age or the onset of puberty, whichever is earlier. 4, 33, 36 Although the Endocrine Society and Barlow Expert Panel Guidelines recommend obtaining serum aspartate aminotransferase and alanine aminotransferase to screen for NAFLD, 4, 33 guidelines endorsed by the American Association for the Study of Liver Diseases, American College of Gastroenterology, and the American Gastroenterological Association concluded that a formal recommendation for laboratory screening for NAFLD in obese children could not be made because of paucity of evidence. 37 When identified, lifestyle modification and weight loss remain the cornerstones of treatment for each of these comorbidities; however, additional disease-specific treatments may also be warranted depending on the specific disorder and its severity. For some families and children, the identification of one or more of these comorbidities may prompt increased motivation for lifestyle changes. Providers should also partner with families and patients to proactively identify how the presence of such comorbidities may affect the child's or adolescent's specific approach to lifestyle modifications, particularly physical activity.
Clinical Treatment of Severe Obesity in Children and Adolescents
Lifestyle modifications to reduce energy intake and increase energy expenditure and behavioral therapy to promote sustained lifestyle changes remain the cornerstones of the treatment for youth with severe obesity (Table 1 ). In 2007, the Barlow Expert Committee recommended a staged approach (stages 1-4) to the treatment of pediatric obesity. 4 Stage 1 treatment is designed to be implemented in the primary care provider's office and focuses on developing or reinforcing basic healthy lifestyle habits for the entire family. Stage 2 treatment, also designed to be implemented in the primary care setting, consists of more structured weight management approaches, including the development of an eating plan in consultation with a dietitian, which reduces the consumption of calorie-dense, nutrient-poor foods and beverages and controls caloric intake through portion control; limiting sedentary behaviors such as television and screen time to ≤1 h/d; increasing physical activity to at least 60 min/d; incorporating self-monitoring strategies; planned reinforcement for achieving targeted behaviors; and follow-up at least once a month. The efficacy of these approaches in the short term is shown in in-patient controlled trials that demonstrate the potential benefits in weight reduction. 38 As part of stage 1 and 2 treatment approaches, providers should encourage family-wide change, avoiding the identification of the child or adolescent as the only family member targeted for behavior modification; identify and set specific and measurable behavioral goals based on collaborative input from caregivers and patients that are consistent with their readiness to change; and anticipate and address potential barriers to specific behavior change that may arise from psychosocial factors and medical comorbidities. A nonjudgmental assessment of social structure, family dynamics, and the home environment often reveals important information that can direct the health care provider in assisting families in the development and implementation of more effective behavior changes. Parents may also benefit from guidance regarding appropriate limit setting while avoiding overly restrictive practices. It is often important for providers, as part of goal setting, to review that successful behavioral weight loss generally requires changes in dietary habits (which can be challenging for many patients and families) and that increased physical activity alone has not been associated with significant reductions in weight. 39 However, physical activity levels likely play an important role in weight maintenance, and a comprehensive approach that includes both dietary modification and increased physical activity appears to be associated with improved clinical responses. 39 In a clinical setting, such behavioral counseling can be time intensive and will likely need to be implemented over multiple visits.
Most children and adolescents with severe obesity will require stage 3 treatment, consisting of a comprehensive multidisciplinary intervention that includes a structured behavioral modification program with frequent (ideally weekly) follow-up that is delivered by an integrated care team, including a behavioral specialist (eg, psychologist, social worker, or other mental health care provider), registered dietitian, and exercise specialist (eg, physical therapist or exercise physiologist). Although such programs are frequently available at specialized pediatric obesity treatment centers, primary care providers should familiarize themselves with what specific resources are available within their local practice areas. Intensive lifestyle modifications in the pediatric population are associated with small to modest reductions in BMI 39, 40 ; however, several factors appear to be associated with improved response to stage 3 interventions. In a meta-analysis of 23 randomized controlled trials (RCTs) by McGovern et al, 39 combined lifestyle modification interventions for children and adolescents were associated with small to modest reductions in BMI, with the largest effects being observed when parents were included in the intervention. In a meta-analysis of 20 RCTs investigating the efficacy of comprehensive behavioral family lifestyle interventions on pediatric obesity by Janicke et al, 40 increased treatment duration, session frequency, and contact hours in addition to individual and in-person formats were associated with improved outcomes. Although relatively few lifestyle modification interventions have specifically targeted youth with severe obesity, available results demonstrate reductions in percentage overweight or BMI, BP, and insulin resistance in children and adolescents with severe obesity after participation in 6 months of lifestyle modification. 41, 42 However, such programs are often characterized by high attrition rates 43 and weight regain over time. 41, 42 The results of a study by Danielsson et al 44 evaluating the efficacy of intensive lifestyle modifications in a cohort of 643 Swiss children and adolescents may yield important insights into the treatment of severe pediatric obesity via lifestyle modification. Specifically, the authors found that age and degrees of obesity (ie, moderate obesity [BMI Z-score = 1.5 to <3.5] versus severe obesity [BMI Z-score ≥3.5]) were important predictors of the patient's clinical response, with younger (6-9 years of age) patients demonstrating greater improvements in BMI Z-scores than older (14-16 years of age) adolescents and superior responses in less severely obese youth. Nevertheless, it should be noted that even though younger children demonstrated greater improvements in BMI Z-scores, the children's BMI status remained in the obese category after 3 years of follow-up, demonstrating the long-term time frame likely required for normalizing BMI in the setting of severe obesity. 44 Such findings further underscore the importance of early identification and treatment initiation among children with severe obesity as well as the primary role of prevention and interventions for lesssevere weight gain.
However, despite the challenges of behavior change, it is important for treating clinicians to not lose faith in the process. Some patients and families may undergo several false starts before making durable lifestyle changes. Moreover, data suggest that insulin resistance can improve without appreciable change in BMI, potentially because of favorable changes in body composition with increases in lean body mass and reductions in fat mass. 45 Furthermore, without intervention, many children and adolescents with obesity will experience continued weight gain. Thus, preventing further increases in BMI may represent an improvement in many children, particularly younger children who still have linear growth ahead of them. Finally, intensive family-based lifestyle modification remains an essential foundational component of more-intensive stage 4 approaches, including pharmaco-therapy and weight loss surgery (WLS).
The behavioral treatment of severe obesity may also involve additional approaches that have had variable success, including residential treatment centers, 46 meal replacements, 47 and very-low-calorie diets. 48 These offer potential benefits to cases that have been refractive to the approaches described above; however, additional well-designed studies with results supporting the role of each of these treatment modalities in the pediatric population are required before their routine use can be recommended.
Pharmacotherapy
Although guidelines support considering the role of pharmacotherapy in adolescents with severe obesity, with weight-related comorbidities, who have not experienced sufficient improvements with intensive lifestyle modification alone, 33 limited options are available and are associated with only modest reductions in BMI. 3 The Food and Drug Administration (FDA) has approved 2 medications for use in weight loss treatment in adolescents: orlistat (Xenical) and sibutramine (Meridia); however, sibutramine was removed from the US market because of concerns associated with potential increased risk for cardiovascular side effects. 49 Newer weight loss medications (lorcaserin [Belviq] and combination phentermine/topiramate [Qsymia]) have been approved by the FDA for use in adults with obesity in conjunction with lifestyle modification but have not been approved for use in children or adolescents.
Currently, the only FDA weight loss medication for use in adolescents ≥12 years of age is orlistat, a lipase inhibitor that blocks fat absorption. Orlistat is dosed at 120 mg orally 3 times a day. In clinical trials involving adolescents with obesity, orlistat was associated with mean BMI reductions of 0.7 to 0.85 kg/m 2 compared with placebo. 39, 50, 51 The tolerability of orlistat may also be limited by oily spotting and fecal urgency leading to soiling, 50 adverse effects particularly troubling in many adolescents. Given the risk of malabsorption of fat-soluble vitamins with orlistat use, patients should be prescribed a multivitamin supplement containing fat-soluble vitamins. Orlistat is also available over-the-counter at a dose of 60 mg (Alli); however, use of the over-thecounter formulation is not approved in individuals younger than 18 years of age.
Metformin is a biguanide insulin sensitizing agent that is FDA approved for the treatment of T2DM in children ≥10 years of age. Although not FDA approved for weight loss, a growing number of studies have investigated the potential role of metformin in treating nondiabetic children and adolescents with obesity. A recent meta-analysis suggested a modest 6-month reduction in BMI (−1.38 [95% CI = −1.93 to −0.82] kg/m 2 ) compared with control groups among obese youth less than 18 years of age; however, statistically significant sustained reductions in BMI at 1 year were not apparent. 52 It is important to note that the Diabetes Prevention Program demonstrated significant reductions in the incidence of diabetes among high-risk adults with glucose intolerance with metformin (although less robust than lifestyle modification, with a goal of 7% weight loss and at least 150 minutes of exercise). 53 However, similar, large prospective studies have not been performed in children and adolescents. There is also significant interest in the potential role of metformin therapy in the prevention and treatment of second-generation antipsychotic-induced weight gain. Although metformin may be associated with modest reductions in BMI in these settings, limited data are available from well-designed trials in children and adolescents with antipsychotic-induced weight gain to support its widespread use in this scenario. 54, 55 Overall, metformin has a strong safety profile, although gastrointestinal symptoms, including bloating, nausea, crampy abdominal pain, and loose stools are not uncommon, occurring in ~25% of patients. 52 Despite being associated with modest weight loss over the short term, the durability of the effects of metformin on weight are unclear. As a result, the authors recommend against its routine use for pediatric obesity except for cases of prediabetes (glucose intolerance), PCOS, or of course T2DM, for which it is the first-line therapy. 36 The impact of several additional pharmacological agents have been evaluated in the context of refractory weight gain associated with hypothalamic obesity. Octreotide, a somatostatin analog, suppresses insulin hypersecretion, a mechanism proposed to contribute to weight gain following hypothalamic injury via disinhibited vagal nerve stimulation of the pancreatic β-cell 32 ; octreotide has also been associated with stabilization of weight gain and mild reductions in BMI among a small cohort of adolescents with severe hypothalamic obesity. 56 Glucagon-like peptide-1 (GLP-1) receptor agonists (eg, exenatide and liraglutide) are approved for the treatment of T2DM in adults, and their use is associated with modest reductions in body weight. 57 In light of the centrally mediated effects of GLP-1 on satiety and appetite suppression, this class of medications may represent a treatment option for patients with hypothalamic obesity, and results in adults with hypothalamic obesity are promising. 58 However, at this time, the use of octreotide or GLP-1 agonists in children or adolescents with hypothalamic obesity should be considered investigational.
The potential role of GLP-1 mimetics as weight loss medications in adults without T2DM or hypothalamic obesity are also being pursued. 59 Administration of the GLP-1 agonist, exenatide, was associated with significant reductions in BMI (−1.13 kg/m 2 ) after 3 months compared with placebo in a RCT of 26 adolescents with severe obesity. 3 However, current GLP-1 agonists must be administered as a subcutaneous injection; may be associated with nausea and vomiting, and rarely pancreatitis; and are not currently FDA approved for use in pediatric patients or as weight loss medication in patients without diabetes.
Although expert panels recognize the potential role of pharmacotherapy (in conjunction with ongoing lifestyle changes) in select pediatric patients with significant obesity and comorbidities, such groups suggest that the use of weight loss medications should only be offered by clinicians who are experienced in their use and aware of potential adverse effects 33 and, ideally, in the setting of specialized pediatric weight management centers with comprehensive services (stage 4, tertiary care). 4
Weight Loss Surgery
Extensive data in adults with obesity suggest that WLS is associated significant reductions in BMI and resolution of or improvements in many weight-related comorbidities. 60, 61 As a result of the significant prevalence rate of severe comorbidities and substantial long-term health risks associated with severe obesity in childhood, WLS has emerged as an important consideration for adolescents with severe obesity and serious weight-related comorbidities who have experienced insufficient responses with other treatment approaches. In fact, WLS surgery in adolescents has progressed from being a rarity in 1997 (51 cases in the United States per year) 62 to an increasingly common component of a comprehensive treatment plan (in conjunction with ongoing lifestyle changes) for carefully selected adolescents with severe obesity. Multiple factors must be balanced when considering the role of WLS in a specific adolescent patient, including the severity of current weight-related comorbidities and the longer-term risk of worsening obesity, the physical and emotional maturity of the adolescent, the short-term and long-term safety of the specific surgical procedure employed and the experience of the surgeon and the multidisciplinary team/program, and the ethical implications of performing a life-altering procedure on a minor. In addition to the usual surgical risks (eg, wound infections and other complications), risks of WLS in the pediatric population include potential adverse effects on linear growth and development related to malabsorption and nutritional deficiencies. 63 Another important safety consideration is the experience level of the surgeon, with a lower rate of surgical complications among surgeons who perform these procedures regularly. 62 Moreover, it is strongly recommended that adolescent WLS only be performed in a center with a comprehensive care team, including pediatric specialists, dietitians, and mental health professionals, with specific expertise in the assessment, preoperative and postoperative care of adolescents undergoing WLS. 4, 33, [64] [65] [66] In light of these considerations and growing experience and data in the pediatric population, the criteria for considering WLS in adolescents is evolving; Table 2 outlines an approach consistent with recent recommendations from the American Society for Metabolic and Bariatric Surgery (ASMBS) and International Pediatric Endosurgery Group (IPEG), [64] [65] [66] which addresses the severity of obesity using BMI thresholds, the number and severity of weight-related comorbidities, current physical maturity, and ability to adhere to treatment recommendations before and after the surgery In summary, current recommendations for adolescents with severe obesity who may benefit from WLS include a BMI ≥35 kg/m 2 with at least 1 severe comorbidity (ie, T2DM, moderate to severe OSAS, pseudotumor cerebri, or severe NAFLD) or a BMI ≥40 kg/m 2 with other weight-related comorbidities, who have experienced insufficient weight loss despite participation in at least 6 months of intensive, medically supervised, family-based behavioral weight management. When these criteria are followed, adolescent WLS is associated with significant weight loss and improvements in or resolution of associated comorbidities, with the results varying according to the type of surgery pursued. The different WLS procedures offered and their relative advantages and disadvantages have been reviewed in-depth previously. 63 The Roux-en-Y gastric bypass (RYGB), a combined restrictive and malabsorptive procedure in which a small gastric pouch is created and then anastomosed distal to the proximal intestine, is associated with the most robust and long-term data in the adolescent population (Figure 1 ). In a recent meta-analysis, RYGB in adolescents with severe obesity is associated with mean reductions in BMI of 17.2 (95% CI = −20.1 to −14.3) kg/m 2 at 12 months after surgery, 67 with durable weight loss persisting at 5 to 9 years postsurgery. 68 Moreover, comorbidity resolution rates are estimated at 67% to 100% in adolescents undergoing RYGB. 67 Although no deaths have been reported in the perioperative period in adolescents undergoing RYBG, a few patients undergoing RYGB as adolescents have died between 9 months to 6 years after the procedures; however, these deaths were thought to be unrelated to the surgery itself. 3 Postsurgical complications following RYGB include bleeding, anastomatic strictures/leaks, wound infections, small bowel obstructions, hernias, venous thromboembolism, and nutritional deficiencies. 3, 67 Although the exact prevalence of postoperative complications following RYBG in adolescents is unclear, given variations in reporting among study groups, 67 complication and reoperation rates in adolescents following RYGB appear to be lower than those in their adult counterparts. 3 The adjustable gastric band (AGB) is a purely restrictive procedure that uses an implantable device to create a small gastric pouch in the proximal stomach. Studies involving AGB in the adolescent population have shown mean reductions in BMI at 12 months of 10.4 (95% CI = −11.8 to −19.1) kg/m 2 . 67 Although postoperative complications following AGB in adolescents are reported less frequently than with RYGB, 67 the device is still not FDA approved for use in patients <18 years of age. Moreover, long-term follow-up data in adults indicate that one-third of patients develop erosions at the device site, and approximately 50% of adults ultimately required surgical removal of the AGB, 69 suggesting that the long-term durability of the AGB in adolescents may not be ideal. 3 With vertical sleeve gastrectomy (VSG), 85% to 90% of the stomach is removed leaving a small gastric pouch; this WLS surgery approach does not involve placement of a foreign body or a substantial malabsorption component and is being performed with increasing frequency among adolescents with severe obesity. 70 Studies involving VSG among adolescents included in a meta-analysis 67 demonstrate mean 12-month BMI reductions of 14.52 (95% CI = −17.33 to −11.73) kg/m 2 , and subsequent studies investigating the role of VSG in the treatment of severe adolescent obesity demonstrate similar results. 71, 72 In summary, WLS, in conjunction with ongoing lifestyle modification, is associated with significant and sustained reductions in BMI and improvements in comorbidities among adolescents with severe obesity; however, adolescents undergoing WLS require close ongoing medical evaluation. Following bariatric surgery, patients are at risk for dehydration, protein deficiency, and deficiencies in water soluble vitamins, requiring postoperative guidance and follow-up. 63 Moreover, as emphasized by Black et al, 67 ongoing studies are needed to more clearly define the long-term implications of WLS in this population. To this end, several centers performing adolescent WLS have developed an ongoing collaboration (TEEN-Longitudinal Assessment of Bariatric Surgery [Teen-LABS]) to better characterize long-term outcomes and complications. 70
Special Considerations: State Intervention in Severe, Life-Threatening Childhood Obesity
The successful treatment of severe obesity in childhood is resource intensive, requiring sustained lifestyle modifications, frequent follow-up with the health care team, ongoing adherence by the child's family, and in older children and adolescents, the patients themselves. As outlined previously, sustained behavior change is challenging, and behavioral weight loss interventions are often characterized by periods of relapse. As a result, when a family with a child or adolescent with severe obesity appears to be unwilling to engage in a treatment, it is important for the care team to carefully explore the parent's understanding of the problem and recommended treatment plan, assess for specific psychosocial factors that may represent substantial barriers to treatment adherence, and offer to connect the family with resources to assist in addressing such barriers. Rarely, parental failure to seek medical care or to provide A. An adjustable gastric band is an implantable device that creates a small gastric pouch by restricting food entry into the distal stomach. B. A Roux-en-Y procedure creates a small gastric pouch that is then anastomosed to the proximal intestine, creating restrictive and malabsorptive limitations on ingested calories. C. A vertical sleeve gastrectomy removes 85% to 90% of the stomach, leaving a small gastric pouch. Adapted from Rubino et al 61 ; used with permission. appropriate treatments for a child with severe obesity and serious weight-related comorbidities may place the affected youth at risk of serious imminent harm, including death. Some experts have proposed whether such circumstances constitute medical neglect and warrant involvement of social service agencies, with the ultimate potential of removing the child from the home. 73 In such unusual circumstances, this weighty and controversial decision regarding state intervention can be guided by criteria proposed by Varness et al. 74 
Conclusions
As a result of its strong associations with current and future comorbidities, severe obesity in childhood represents a serious medical condition requiring aggressive multidisciplinary treatment. The mainstay of treatment for severe pediatric and adolescent obesity remains intensive, family-based lifestyle modification and behavioral therapy. Adherence with such interventions is associated with modest reductions in BMI and may result in significant improvements in cardiometabolic risk factors. However, treatment adherence is frequently challenging, and associated improvements may not be sustained over time. Consequently, in some children and adolescents with severe obesity, lifestyle modification alone may not result in sufficient weight loss to successfully ameliorate serious weight-related comorbidities. In such cases, increasing evidence supports the potential role of WLS, in conjunction with ongoing lifestyle modification, in appropriately selected adolescents with severe obesity and weight-related comorbidities. In light of the morbidity associated with severe obesity even in childhood and the challenges regarding effective and sustainable treatments once the condition is established, early identification of and intervention in children and adolescents with less-severe obesity may represent an important approach in ultimately addressing the serious disorder.
